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0HGLD�3UHYLHZ

'HVFULSWLRQ

6DWHOOLWHV�DUH�LPSRUWDQW�WR�VFLHQWLVWV�EHFDXVH�WKH�LQVWUXPHQWV�RQ�ERDUG�FDQ
SURYLGH�DOPRVW�GDLO\�JOREDO�FRYHUDJH�RI�WKH�(DUWK�WKDW�ZRXOG�RWKHUZLVH�QRW
EH�DYDLODEOH��7KHUH�DUH�VL[�LQVWUXPHQWV�RQ�ERDUG�1$6$
V�$TXD�VDWHOOLWH�
2QH�RI�WKHP�LV�02',6��WKH�0RGHUDWH�5HVROXWLRQ�,PDJLQJ
6SHFWURUDGLRPHWHU��02',6�PHDVXUHV����VSHFWUDO�IUHTXHQFLHV�RI�OLJKW�
ZKLFK�SURYLGH�D�ZHDOWK�RI�LQIRUPDWLRQ�DERXW�WKH�SK\VLFDO�SURSHUWLHV�RI�WKH
DWPRVSKHUH�DQG�WKH�ELRORJLFDO�DQG�SK\VLFDO�SURSHUWLHV�RI�WKH�RFHDQV�DQG
ODQG��7KH�$TXD�VDWHOOLWH�ZLWK�02',6�DWWDFKHG�ZDV�ODXQFKHG�0D\���������
6LQFH�WKHQ��$TXD�KDV�EHHQ�FLUFOLQJ�WKH�(DUWK�DW�DQ�DOWLWXGH�RI�����PLOHV
�����NLORPHWHUV��HYHU\����PLQXWHV�LQ�D�SRODU�RUELW�SDVVLQJ�ZLWKLQ���
GHJUHHV�RI�HDFK�SROH�HYHU\�RUELW��7KH�RUELW�LV�VXQ�V\QFKURQRXV��ZKLFK
PHDQV�WKDW�WKH�VDWHOOLWH�SDVVHV�RYHU�WKH�VDPH�VSRW�RI�WKH�(DUWK�DW�DERXW
WKH�VDPH�ORFDO�WLPH�HYHU\GD\��$TXD�FURVVHV�WKH�HTXDWRU�IURP�VRXWK�WR
QRUWK�DW�DERXW������SP�ORFDO�WLPH�

7KLV�GDWDVHW�VKRZV�WKH�SDWK�RI�WKH�$TXD�VDWHOOLWH�DQG�02',6�VZDWK�RYHU�D
SHULRG�RI�RQH�GD\��$XJXVW�����������7KH�VZDWK�RI�GDWD�FROOHFWHG�E\�02',6

LV�RYHU������PLOHV������NP��ZLGH��7KLV�PHDQV�WKDW�02',6�LV�DEOH�WR�PHDVXUH�DOPRVW�WKH�HQWLUH�(DUWK�VXUIDFH�HYHU\GD\��02',6
RQO\�FROOHFWV�GDWD�ZKHQ�LW�LV�RQ�WKH�VXQOLW�VLGH�RI�WKH�(DUWK�EHFDXVH�LW�PHDVXUHV�UHIOHFWHG�OLJKW�IURP�WKH�6XQ��7KH�EULJKW�EDQG�WKDW
DSSHDUV�LQ�WKH�PLGGOH�RI�VRPH�RI�WKH�VZDWKV�LV�UHIOHFWHG�VXQOLJKW�RII�RI�WKH�RFHDQ��%\�$XJXVW����������+XUULFDQH�.DWULQD�KDG
FURVVHG�)ORULGD�DQG�ZDV�VWUHQJWKHQLQJ�LQ�WKH�*XOI�RI�0H[LFR��7KDW�KXUULFDQH��DV�ZHOO�DV�7\SKRRQ�7DOLP�LQ�WKH�ZHVWHUQ�3DFLILF
EHWZHHQ�-DSDQ�DQG�1HZ�*XLQHD��LV�YLVLEOH�LQ�WKLV�GDWDVHW�

1RWDEOH�)HDWXUHV

(DFK�RUELW�WDNHV����PLQXWHV

'DWD�LV�RQO\�FROOHFWHG�RQ�WKH�VXQOLW�VLGH�RI�WKH�(DUWK

+XUULFDQH�.DWULQD�DQG�7\SKRRQ�7DOLP�DUH�YLVLEOH

5HODWHG�'DWDVHWV
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$XGLR
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'DWDVHW�6RXUFH
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'DWDVHW�'HYHORSHU
1$6$�*RGGDUG�6SDFH�)OLJKW

&HQWHU

9LVXDOL]DWLRQ�'HYHORSHU
1$6$�*RGGDUG�6SDFH�)OLJKW

&HQWHU

&RQWDFW
1$6$�*RGGDUG�6SDFH�)OLJKW

&HQWHU

'LUHFWRU\
)73�/LQN
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$WPRVSKHUH��1$6$��VDWHOOLWHV�
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$TXD�6DWHOOLWH�DQG�02',6�6ZDWK
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0HGLD�3UHYLHZ

6HDVRQDO�%OXH�0DUEOH (DUWK�ZLWK�9HJHWDWLRQ %OXH�0DUEOH�DQG
1LJKWOLJKWV

'HVFULSWLRQ

7KH�%OXH�0DUEOH�LV�DQ�LQFUHGLEO\�GHWDLOHG��WUXH�FRORU�GHSLFWLRQ�RI�WKH�(DUWK�

1$6$�LV�UHVSRQVLEOH�IRU�WKLV�GDWDVHW�PDGH�IURP�D�FRPSLODWLRQ�RI�VDWHOOLWH

LPDJHV�WKURXJKRXW�������0RVW�RI�WKH�LQIRUPDWLRQ�FDPH�IURP�1$6$
V

02',6��WKH�0RGHUDWH�5HVROXWLRQ�,PDJLQJ�6SHFWURUDGLRPHWHU��ZKLFK�LV

DWWDFKHG�WR�WKH�7HUUD�VDWHOOLWH�����PLOHV�DERYH�(DUWK��7KH�EDFNJURXQG

LPDJH�RI�WKH�ODQG�DQG�RFHDQV�ZDV�FUHDWHG�XVLQJ�GDWD�IURP�-XQH�WKURXJK

6HSWHPEHU�RI�������7KLV�FRXOG�QRW�EH�GRQH�LQ�D�VLQJOH�GD\�RU�HYHQ�D�ZHHN

EHFDXVH�RQ�DQ\�JLYHQ�GD\�FORXGV�DUH�EORFNLQJ�D�VLJQLILFDQW�SRUWLRQ�RI�WKH

VXUIDFH��7KH�FORXG�LPDJH�LV�D�FRPSRVLWH�RI�WKUHH�GD\V�ZRUWK�RI�GDWD��7KH

ILUVW�WZR�GD\V�RI�GDWD�ZHUH�FROOHFWHG�LQ�WKH�YLVLEOH�ZDYHOHQJWK�DQG�WKH�WKLUG

GD\�ZDV�QHHGHG�WR�JHW�D�YLHZ�RI�WKH�FORXGV�RYHU�WKH�SROHV�XVLQJ�WKHUPDO

LQIUDUHG�LPDJHU\�

7KH�VKDGLQJ�LV�WUXH�FRORU�ZLWK�WKH�RFHDQV�VKDGHV�RI�EOXH��WKH�FORXGV�ZKLWH

DQG�WKH�ODQGV�YDU\LQJ�IURP�JUHHQ�WR�EURZQ��7KH�EURZQ�DUHDV�DUH�WKH

VDQGV�RI�WKH�GHVHUWV��7KH�VKDGLQJ�RI�WKH�ODQG�ZDV�GRQH�XVLQJ�D�GDWDVHW

FRPSLOHG�E\�WKH�8�6��*HRORJLFDO�6XUYH\
V�(DUWK�5HVRXUFHV�2EVHUYDWLRQ

DQG�6FLHQFH�'DWD�&HQWHU�

$GGLWLRQDO�%OXH�0DUEOH�GDWDVHWV�DUH�DYDLODEOH�WR�KLJKOLJKW�VRPH�RI�WKH�FKDUDFWHULVWLFV�RI�WKH�FKDQJLQJ�(DUWK��7KH�VWDQGDUG�%OXH

0DUEOH�LV�D�\HDU�ORQJ�FRPSRVLWH�WR�VKRZ�DQ�DYHUDJH�YLHZ�RI�WKH�HDUWK��7KH�%OXH�0DUEOH�ZLWKRXW�FORXGV�LV�DOVR�DYDLODEOH�LQ

PRQWKO\�FRPSRVLWHV�WKH�HQWLUH�\HDU��7KLV�PRQWKO\�HYROXWLRQ�LV�WKH�VHDVRQDO�EOXH�PDUEOH��7KH�PRQWKO\�HYROXWLRQ�DOORZV�DXGLHQFHV

WR�VHH�WKH�FKDQJLQJ�DSSHDUDQFH�RI�WKH�(DUWK�GXH�WR�WKH�VHDVRQ�FKDQJHV��7KH�PRVW�GUDPDWLF�FKDQJH�LV�WKH�H[SDQVLRQ�RI�WKH

VQRZ�FRYHU�GXULQJ�WKH�ZLQWHU�PRQWKV�DQG�WKHQ�WKH�GHSOHWLRQ�RI�LW�GXULQJ�WKH�VXPPHU�PRQWKV��%OXH�0DUEOH��1H[W�*HQHUDWLRQ
SURYLGHV�DQ�XSGDWHG�YHUVLRQ�RI�WKH�VHDVRQDO�FKDQJHV�GDWDVHW��7KH�%OXH�0DUEOH�LV�DOVR�DYDLODEOH�ZLWKRXW�WKH�FORXG�FRYHU�VR�WKDW

WKH�YHJHWDWLRQ�FDQ�EH�FOHDUO\�VHHQ��7KLV�GDWDVHW�KDV�DOVR�EHHQ�PHUJHG�ZLWK�WKH�1LJKWWLPH�/LJKWV�GDWDVHW��WR�FUHDWH�D�QHZ
GDWDVHW��7KH�QHZ�GDWDVHW�VKRZV�WKH�(DUWK�ZLWK�GD\WLPH�DQG�QLJKWWLPH�YLHZV�RI�WKH�(DUWK��WR�GHPRQVWUDWH�KRZ�RQO\�KDOI�RI�WKH

(DUWK�LV�LOOXPLQWDWHG�DW�RQH�WLPH�

1RWDEOH�)HDWXUHV

9DVWQHVV�RI�WKH�6DKDUD�'HVHUW

6KDGLQJ�GRQH�LQ�WUXH�FRORU��JLYHV�(DUWK
V�DSSHDUDQFH�IURP�VSDFH

5HODWHG�'DWDVHWV

'HWDLOV
&DWHJRU\

/DQG

$XGLR

<HV

'DWDVHW�6RXUFH

1$6$�*RGGDUG�6SDFH�)OLJKW
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'DWDVHW�'HYHORSHU

1$6$�*RGGDUG�6SDFH�)OLJKW
&HQWHU

9LVXDOL]DWLRQ�'HYHORSHU
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0HGLD�3UHYLHZ

0RRQ�ZLWK�$SROOR�DQG
6XUYH\RU�/DQGLQJ�6LWHV

DQG�3LFWXUHV�

'HVFULSWLRQ

2QH�WKHRU\�RQ�WKH�FUHDWLRQ�RI�WKH�PRRQ�LV�WKDW�D�0DUV�VL]HG�ERG\�FUDVKHG
LQWR�WKH�(DUWK�DQG�WKH�PDWHULDO�WKDW�EURNH�LQ�WKH�FROOLVLRQ�IRUPHG�WKH�PRRQ�
7KH�ROGHVW�PDWHULDO�FROOHFWHG�IURP�WKH�PRRQ�GDWHV�EDFN�WR�����ELOOLRQ�\HDUV
DJR��7KLV�LV�EHOLHYHG�WR�EH�WKH�DJH�RI�WKH�PRRQ��7KH�PRRQ�URWDWHV�LQ�VXFK
D�ZD\�WKDW�WKH�VDPH�VLGH�DOZD\V�IDFHV�WKH�(DUWK��7KH�VLGH�YLHZHG�IURP
(DUWK�LV�UHIHUUHG�WR�DV�WKH�QHDU�VLGH��ZKLOH�WKH�RWKHU�VLGH�LV�WKH�IDU�VLGH�
([SORUDWLRQ�RI�WKH�PRRQ�KDV�UHYHDOHG�WKDW�WKH�QHDU�VLGH�RI�WKH�PRRQ�LV
GLIIHUHQW�WKDQ�WKH�IDU�VLGH�RI�WKH�PRRQ��7HPSHUDWXUH�UDQJHV�IURP������)�WR
����)�RQ�WKH�PRRQ�GHSHQGLQJ�RQ�WKH�VLGH�RI�WKH�PRRQ�WKH�WHPSHUDWXUH�LV
WDNHQ�IURP�DQG�ZKHWKHU�LW�LV�QLJKW�RU�GD\�

7KH�QHDU�VLGH�RI�WKH�PRRQ�KDV�OLJKW�VSRWV�UHIHUUHG�WR�DV�/XQDU�+LJKODQGV
DQG�GDUN�VSRWV�FDOOHG�0DULD��7KH�PDULD�DUH�ORZHU�LQ�DOWLWXGH�WKDQ�WKH
KLJKODQGV�DQG�ILOOHG�ZLWK�GDUN�VROLGLILHG�ODYD�IURP�ZKHQ�WKH�PRRQ�ZDV
YROFDQLFDOO\�DFWLYH��%RWK�DUHDV�DUH�OLWWHUHG�ZLWK�FUDWHUV��DV�WKH�0RRQ¶V
VXUIDFH�LV�YHU\�ROG�DQG�KDV�KDG�WLPH�WR�DFFXPXODWH�FUDWHUV��:KLOH�WKH�IDU
VLGH�RI�WKH�PRRQ�LV�DOVR�FRYHUHG�ZLWK�FUDWHUV��WKHUH�DUH�QR�PDULD�SUHVHQW�

0RUH�WKDQ����VSDFHFUDIW�KDYH�JRQH�WR�WKH�0RRQ�DQG����DVWURQDXWV�KDYH�DFWXDOO\�KDG�WKH�FKDQFH�WR�ZDON�RQ�WKH�VXUIDFH�RI�WKH
0RRQ��7KURXJKRXW�WKH�PLVVLRQV������SRXQGV�RI�OXQDU�URFN�DQG�VRLO�KDYH�EHHQ�EURXJKW�EDFN�WR�(DUWK��$�VHFRQG�GDWDVHW�RI�WKH
PRRQ�VKRZV�WKH�ORFDWLRQV�RI�$SROOR�DQG�6XUYH\RU�ODQGLQJ�VLWHV��7KH�6XUYH\RU�ODQGLQJ�VLWHV�DUH�QRWHG�ZLWK�DQ��6���7KHUH�DUH�DOVR
SLFWXUHV�WDNHQ�IURP�WKH�$SROOR������������DQG����PLVVLRQV�

1RWDEOH�)HDWXUHV

0DULD��$UHDV�RI�ORZHU�DOWLWXGH�ILOOHG�LQ�ZLWK�GDUN�VROLGLILHG�ODYD

/XQDU�+LJKODQG��$UHDV�RI�KLJKHU�DOWLWXGH�WKDW�DSSHDU�OLJKWHU

$EXQGDQFH�RI�FUDWHUV

$EVHQFH�RI�0DULDV�RQ�IDU�VLGH�RI�WKH�0RRQ

5HODWHG�'DWDVHWV

'HWDLOV
&DWHJRU\
$VWURQRP\

$XGLR
1R

'DWDVHW�6RXUFH
&OHPHQWLQH�6SDFHFUDIW

'DWDVHW�'HYHORSHU
-HQV�0H\HU

9LVXDOL]DWLRQ�'HYHORSHU
6WHYH�$OEHUV��12$$�*6'
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0HGLD�3UHYLHZ

0HUFXU\ 0HUFXU\�E\

0(66(1*(5�2FW������

'HVFULSWLRQ

,W
V�RIWHQ�KDUG�WR�IXOO\�JUDVS�MXVW�KRZ�ELJ�WKH�SODQHWV�LQ�WKH�VRODU�V\VWHP
DUH������PLOOLRQ�(DUWKV�FRXOG�ILW�LQ�WKH�6XQ��EXW�WKDW�LV�KDUG�WR�SLFWXUH��$
JRRG�ZD\�WR�KHOS�ZLWK�WKLV�SUREOHP�LV�GUDZLQJ�WKH�SODQHWV�WR�VFDOH��7KLV
GDWDVHW�KDV�WKH�6XQ�DV�WKH�EDFNJURXQG�DQG�WKHQ�KDV�D�SLFWXUH�RI�WKH�VRODU
V\VWHP�GUDZQ�WR�VFDOH��7KH�6XQ�LV�DOVR�WR�VFDOH�ZLWK�WKH�UHVW�RI�WKH�SODQHWV�
%\�IDU��-XSLWHU�LV�WKH�ODUJHVW�SODQHW�ZLWK�6DWXUQ�WKH�VHFRQG�ODUJHVW��EXW�WKH\
DUH�FHUWDLQO\�QR�ZKHUH�FORVH�WR�EHLQJ�DV�ELJ�DV�WKH�6XQ��ZKLFK�KDV�D
UDGLXV�RI���������PLOHV����������NP���1RZ�WKDW�3OXWR�LV�QR�ORQJHU
FODVVLILHG�DV�D�SODQHW��0HUFXU\��WKH�FORVHVW�SODQHW�WR�WKH�6XQ��LV�WKH
VPDOOHVW�SODQHW�ZLWK�D�UDGLXV�RI������PLOHV�������NP���7KH�VHFRQG�SODQHW
LQ�WKH�VRODU�V\VWHP��9HQXV��LV�WKH�WKLUG�VPDOOHVW�SODQHW�ZLWK�D�UDGLXV�RI
�����PLOHV�������NP���(DUWK��RI�FRXUVH��LV�WKH�WKLUG�FORVHVW�SODQHW�WR�WKH
6XQ�DQG�WKH�IRXUWK�VPDOOHVW�ZLWK�D�UDGLXV�RI������PLOHV�������NP���-XVW
SDVW�(DUWK�LV�0DUV��WKH�IRXUWK�SODQHW�LQ�WKH�VRODU�V\VWHP��0DUV�LV�WKH
VHFRQG�VPDOOHVW�SODQHW�ZLWK�D�UDGLXV�RI������PLOHV�������NP���7KH�ILUVW
IRXU�SODQHWV�DUH�FDOOHG�WHUUHVWULDO�SODQHWV�EHFDXVH�WKH\�DUH�PDGH�PDLQO\�RI
URFN�DQG�KDYH�WKLQ�ZLVS\�DWPRVSKHUHV�

7KH�RXWHU�SODQHWV�DUH�FDOOHG�JDV�JLDQWV�EHFDXVH�WKH\�DUH�ODUJH�DQG�FRQVLVW�PDLQO\�RI�K\GURJHQ�DQG�KHOLXP��7KH�JDV�JLDQWV�DOVR
W\SLFDOO\�KDYH�D�ODUJH�QXPEHU�RI�PRRQV��ZKLOH�WKH�WHUUHVWULDO�SODQHWV�KDYH�OLPLWHG�PRRQV��7KH�ILUVW�JDV�JLDQW��-XSLWHU��LV�FHUWDLQO\�D
JLDQW��7KH�UDGLXV�RI�-XSLWHU�LV��������PLOHV��������NP���0RUH�WKDQ������(DUWK
V�FRXOG�ILW�LQVLGH�-XSLWHU��7KH�QH[W�SODQHW�SDVW
-XSLWHU�LV�6DWXUQ��WKH�VHFRQG�ODUJHVW�SODQHW��7KH�UDGLXV�RI�6DWXUQ�LV��������PLOHV��������NP���7KH�ULQJV�RI�6DWXUQ�ZRXOG�EH�WKH
ZLGWK�RI�D�FUHGLW�FDUG�DQG�ZRXOG�H[WHQG�PXFK�IXUWKHU�WKDQ�WKH�SLFWXUH�VKRZV��7KH�HGJH�RI�WKH�EULJKWHVW�ULQJV�H[WHQGV�������
PLOHV����������NP��IURP�6DWXUQ�DQG�WKH�IDLQWHVW�ULQJV�H[WHQG�RXW���������PLOHV����������NP��IURP�6DWXUQ��7KH�VHYHQWK�SODQHW
IURP�WKH�VXQ�LV�8UDQXV��8UDQXV�UDQNV�DV�WKH�WKLUG�ODUJHVW�SODQHW�ZLWK�D�UDGLXV�RI�������PLOHV���������NP���1RZ�FRQVLGHUHG�WKH
HLJKWK�DQG�ILQDO�SODQHW�LQ�WKH�VRODU�V\VWHP�LV�1HSWXQH��WKH�IRXUWK�ODUJHVW�SODQHW�ZLWK�D�UDGLXV�RI��������PLOHV���������NP���8UDQXV
DQG�1HSWXQH�DUH�YHU\�FORVH�LQ�VL]H��7KH�ILQDO�REMHFW�LQ�WKH�SLFWXUH�LV�3OXWR��ZKLFK�LV�QRZ�FODVVLILHG�DV�D�GZDUI�SODQHW��3OXWR�RQO\
KDV�D�UDGLXV�RI�����PLOHV�������NP���,W�ZDV�GHPRWHG�IURP�SODQHW�WR�GZDUI�SODQHW�LQ������ZKHQ�QHZ�JXLGHOLQHV�ZHUH�FUHDWHG�WR
FODVVLI\�SODQHWV�DQG�3OXWR�GLGQ
W�PHHW�DOO�RI�WKH�TXDOLILFDWLRQV�

1RWDEOH�)HDWXUHV

&DORULV�%DVLQ������PLOHV�LQ�GLDPHWHU��RQH�RI�ODUJHVW�IHDWXUHV�

WKRXJKW�WR�EH�FUHDWHG�E\�LPSDFW�HDUO\�LQ�KLVWRU\�RI�SODQHW

5HODWHG�'DWDVHWV
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$XGLR
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'DWDVHW�6RXUFH
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&RQWDFW
86*6

'LUHFWRU\
)73�/LQN

.H\ZRUGV
$VWURQRP\��VRODU�V\VWHP��SODQHW

0HUFXU\�E\�86*6



8/10/12 Datasets | Science On a Sphere

1/1sos.noaa.gov/Datasets/dataset.php?id=224

0HGLD�3UHYLHZ

0DUV�/DQGLQJ�6LWHV
ZLWK�3LFWXUHV�

0DUV�0DJQHWLF�0DS
�������

'HVFULSWLRQ

0DUV�LV�DSWO\�UHIHUUHG�WR�DV�WKH�UHG�SODQHW�DV�LWV�VXUIDFH�LV�UHG�GXH�WR�D�KLJK
FRQFHQWUDWLRQ�RI�LURQ�R[LGHV�LQ�WKH�VRLO��2IWHQ�WKH�FHQWHU�RI�VFLHQFH�ILFWLRQ
VWRULHV��0DUV�RQFH�ZDV�EHOLHYHG�WR�VXSSRUW�LQWHOOLJHQW�FUHDWXUHV��0LVVLRQV
WR�0DUV�LQ������DQG�DJDLQ�LQ������SURYHG�WKDW�WKHUH�ZHUH�QR�OLYLQJ
RUJDQLVPV�RQ�0DUV��+RZHYHU��WKLV�VPDOO�URFN\�SODQHW��WKH�IRXUWK�IURP�WKH
VXQ��GRHV�KDYH�SRODU�LFH�FDSV�WKDW�FKDQJH�LQ�VL]H�ZLWK�WKH�VHDVRQV��,W�LV
EHOLHYHG�WKDW�����ELOOLRQ�\HDUV�DJR�WKH�PRVW�VLJQLILFDQW�IORRGV�LQ�WKH�VRODU
V\VWHP�WRRN�SODFH�RQ�0DUV��7KH�0DUV�2G\VVH\�IRXQG�ODUJH�DPRXQWV�RI�LFH
DERXW���PHWHU�EHORZ�WKH�VXUIDFH�RI�0DUV�LQ�������7KLV�LFH��WKRXJKW�WR�EH
IURP�WKH�IORRGV��ZRXOG�ILOO�/DNH�0LFKLJDQ�RYHU�WZR�WLPHV��7KLV�LV�VWLOO�QRW
HQRXJK�ZDWHU�WR�H[SODLQ�WKH�HURVLRQ�YLVLEOH�RQ�0DUV�

0DUV�WRXWV�QRW�RQO\�WKH�KLJKHVW�SRLQW�LQ�WKH�VRODU�V\VWHP��EXW�DOVR�D�FDQ\RQ
RYHU���PLOHV������NP��GHHS��7KH�KLJKHVW�SRLQW��WKH�PRXQWDLQ�2O\PSXV
0RQV�LV��������IHHW��DOPRVW����PLOHV��DERYH�WKH�VXUURXQGLQJ�DUHD�DQG
KDV�DQ�DVWRXQGLQJ�GLDPHWHU�RI�RYHU�����PLOHV��7KH�EDVH�RI�WKH�PRXQWDLQ
LV�VXUURXQGHG�E\�D�FOLII�WKDW�GURSV��������IHHW��DOPRVW���PLOHV���&RPSDUHG

WR�0RXQW�(YHUHVW��WKH�WDOOHVW�SRLQW�RQ�(DUWK�DW��������IHHW��2O\PSXV�0RQV�LV�RYHU�WKUHH�WLPHV�WDOOHU��$QRWKHU�VSHFWDFOH�RQ�(DUWK�LV
WKH�*UDQG�&DQ\RQ�ZKLFK�LV�����PLOHV�ORQJ�DQG������IHHW�GHHS�DW�LWV�GHHSHVW�SRLQW��2Q�0DUV��9DOOHV�0DULQHULV�LV�DOPRVW�����
PLOHV�ORQJ��DSSUR[LPDWHO\�WKH�ZLGWK�RI�WKH�8QLWHG�6WDWHV��DQG�QHDUO\���PLOHV������NP��GHHS��,Q�DGGLWLRQ�WR�WKH�VXUIDFH�RI�0DUV
GDWDVHW��WKHUH�LV�D�GDWDVHW�WKDW�LQFOXGHV�LPDJHV�RI�WKH�URYHUV�WKDW�ODQGHG�RQ�0DUV�DQG�WKH�SLFWXUHV�WKDW�WKH\�WRRN��$QRWKHU�GDWDVHW
IRU�0DUV�VKRZV�WKH�FUXVWDO�PDJQHWLF�ILHOGV�RI�0DUV�DV�PHDVXUHG�E\�WKH�0DUV�*OREDO�6XUYH\RU��7KLV�LV�DQ�LPSRUWDQW�PDS
EHFDXVH�LW�SURYHV�WKDW�RQH�SRLQW�0DUV�KDG�SODWH�WHFWRQLFV��5HG�LV�XVHG�IRU�SRVLWLYH�PDJQHWLF�ILHOGV�DQG�EOXH�LV�QHJDWLYH�ILHOGV�

1RWDEOH�)HDWXUHV

2O\PSXV�0RQV��KLJKHVW�SRLQW�LQ�WKH�VRODU�V\VWHP�DW�������IW

9DOOHV�0DULQHULV��&DQ\RQ������PLOHV�ORQJ�DQG���PLOHV�GHHS

+HOODV�3ODQLWLD��DQ�LPSDFW�FUDWHU�LQ�WKH�6RXWKHUQ�+HPLVSKHUH�����PLOHV�GHHS�DQG������PLOHV�LQ�GLDPHWHU

3UHVHQFH�RI�LFH�FDSV

5HODWHG�'DWDVHWV

'HWDLOV
&DWHJRU\
$VWURQRP\

$XGLR
1R

'DWDVHW�6RXUFH
1$6$�H[SORUDWLRQV�PLVVLRQ

'DWDVHW�'HYHORSHU
1$6$

9LVXDOL]DWLRQ�'HYHORSHU
'DYLG�+LPHV��12$$�*6'

&RQWDFW
'DYLG�+LPHV��12$$�*6'

'LUHFWRU\
)73�/LQN

.0/

.0/�)LOH

.H\ZRUGV
6RODU�6\VWHP��SODQHW��UHG�
PDJQHWLF�PDS

5HG�0DUV������GHJUHH�WLOW�
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0HGLD�3UHYLHZ

5HG�0DUV������GHJUHH
WLOW��

0DUV�0DJQHWLF�0DS
�������

'HVFULSWLRQ

0DUV�LV�DSWO\�UHIHUUHG�WR�DV�WKH�UHG�SODQHW�DV�LWV�VXUIDFH�LV�UHG�GXH�WR�D�KLJK
FRQFHQWUDWLRQ�RI�LURQ�R[LGHV�LQ�WKH�VRLO��2IWHQ�WKH�FHQWHU�RI�VFLHQFH�ILFWLRQ
VWRULHV��0DUV�RQFH�ZDV�EHOLHYHG�WR�VXSSRUW�LQWHOOLJHQW�FUHDWXUHV��0LVVLRQV
WR�0DUV�LQ������DQG�DJDLQ�LQ������SURYHG�WKDW�WKHUH�ZHUH�QR�OLYLQJ
RUJDQLVPV�RQ�0DUV��+RZHYHU��WKLV�VPDOO�URFN\�SODQHW��WKH�IRXUWK�IURP�WKH
VXQ��GRHV�KDYH�SRODU�LFH�FDSV�WKDW�FKDQJH�LQ�VL]H�ZLWK�WKH�VHDVRQV��,W�LV
EHOLHYHG�WKDW�����ELOOLRQ�\HDUV�DJR�WKH�PRVW�VLJQLILFDQW�IORRGV�LQ�WKH�VRODU
V\VWHP�WRRN�SODFH�RQ�0DUV��7KH�0DUV�2G\VVH\�IRXQG�ODUJH�DPRXQWV�RI�LFH
DERXW���PHWHU�EHORZ�WKH�VXUIDFH�RI�0DUV�LQ�������7KLV�LFH��WKRXJKW�WR�EH
IURP�WKH�IORRGV��ZRXOG�ILOO�/DNH�0LFKLJDQ�RYHU�WZR�WLPHV��7KLV�LV�VWLOO�QRW
HQRXJK�ZDWHU�WR�H[SODLQ�WKH�HURVLRQ�YLVLEOH�RQ�0DUV�

0DUV�WRXWV�QRW�RQO\�WKH�KLJKHVW�SRLQW�LQ�WKH�VRODU�V\VWHP��EXW�DOVR�D�FDQ\RQ
RYHU���PLOHV������NP��GHHS��7KH�KLJKHVW�SRLQW��WKH�PRXQWDLQ�2O\PSXV
0RQV�LV��������IHHW��DOPRVW����PLOHV��DERYH�WKH�VXUURXQGLQJ�DUHD�DQG
KDV�DQ�DVWRXQGLQJ�GLDPHWHU�RI�RYHU�����PLOHV��7KH�EDVH�RI�WKH�PRXQWDLQ
LV�VXUURXQGHG�E\�D�FOLII�WKDW�GURSV��������IHHW��DOPRVW���PLOHV���&RPSDUHG

WR�0RXQW�(YHUHVW��WKH�WDOOHVW�SRLQW�RQ�(DUWK�DW��������IHHW��2O\PSXV�0RQV�LV�RYHU�WKUHH�WLPHV�WDOOHU��$QRWKHU�VSHFWDFOH�RQ�(DUWK�LV
WKH�*UDQG�&DQ\RQ�ZKLFK�LV�����PLOHV�ORQJ�DQG������IHHW�GHHS�DW�LWV�GHHSHVW�SRLQW��2Q�0DUV��9DOOHV�0DULQHULV�LV�DOPRVW�����
PLOHV�ORQJ��DSSUR[LPDWHO\�WKH�ZLGWK�RI�WKH�8QLWHG�6WDWHV��DQG�QHDUO\���PLOHV������NP��GHHS��,Q�DGGLWLRQ�WR�WKH�VXUIDFH�RI�0DUV
GDWDVHW��WKHUH�LV�D�GDWDVHW�WKDW�LQFOXGHV�LPDJHV�RI�WKH�URYHUV�WKDW�ODQGHG�RQ�0DUV�DQG�WKH�SLFWXUHV�WKDW�WKH\�WRRN��$QRWKHU�GDWDVHW
IRU�0DUV�VKRZV�WKH�FUXVWDO�PDJQHWLF�ILHOGV�RI�0DUV�DV�PHDVXUHG�E\�WKH�0DUV�*OREDO�6XUYH\RU��7KLV�LV�DQ�LPSRUWDQW�PDS
EHFDXVH�LW�SURYHV�WKDW�RQH�SRLQW�0DUV�KDG�SODWH�WHFWRQLFV��5HG�LV�XVHG�IRU�SRVLWLYH�PDJQHWLF�ILHOGV�DQG�EOXH�LV�QHJDWLYH�ILHOGV�

1RWDEOH�)HDWXUHV

2O\PSXV�0RQV��KLJKHVW�SRLQW�LQ�WKH�VRODU�V\VWHP�DW�������IW

9DOOHV�0DULQHULV��&DQ\RQ������PLOHV�ORQJ�DQG���PLOHV�GHHS

+HOODV�3ODQLWLD��DQ�LPSDFW�FUDWHU�LQ�WKH�6RXWKHUQ�+HPLVSKHUH�����PLOHV�GHHS�DQG������PLOHV�LQ�GLDPHWHU

3UHVHQFH�RI�LFH�FDSV

5HODWHG�'DWDVHWV

'HWDLOV
&DWHJRU\
$VWURQRP\

$XGLR
1R

'DWDVHW�6RXUFH
1$6$�*RGGDUG�6SDFH�)OLJKW
&HQWHU

'DWDVHW�'HYHORSHU
1$6$�*RGGDUG�6SDFH�)OLJKW
&HQWHU

9LVXDOL]DWLRQ�'HYHORSHU
1$6$�*RGGDUG�6SDFH�)OLJKW
&HQWHU

&RQWDFW
1$6$�*RGGDUG�6SDFH�)OLJKW
&HQWHU

'LUHFWRU\
)73�/LQN

.H\ZRUGV
6RODU�6\VWHP��SODQHW��UHG�
PDJQHWLF�PDS

0DUV�/DQGLQJ�6LWHV�ZLWK�3LFWXUHV
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0HGLD�3UHYLHZ

9HQXV�6KDGHG�5HOLHI�

'HVFULSWLRQ

0RVW�RI�9HQXV�DSSHDUV�WR�EH�FRYHUHG�ZLWK�JHQWO\�UROOLQJ�SODLQV��7ZR�DUHDV

ULVH�XS�DERYH�WKH�UHVW�RI�WKH�VXUIDFH�DQG�DUH�UHIHUUHG�WR�DV���FRQWLQHQWV��

7KH�ILUVW��,VKWDU�7HUUD�LV�ORFDWHG�LQ�WKH�1RUWKHUQ�+HPLVSKHUH�DQG�LV�DERXW

WKH�VL]H�RI�$XVWUDOLD��7KH�KLJKHVW�SRLQW�RQ�9HQXV��WKH�PRXQWDLQ�0D[ZHOO

0RQWHV�LV�ORFDWHG�RQ�,VKWDU�7HUUD��7KH�VHFRQG�FRQWLQHQW��$SKURGLWH�7HUUD�

LV�ORFDWHG�DORQJ�WKH�HTXDWRU�DQG�LV�DERXW�WKH�VL]H�RI�6RXWK�$PHULFD��7KHUH

DUH�QR�VPDOO�FUDWHUV�LQ�WKH�VXUIDFH�IRU�WKH�DSSDUHQW�UHDVRQ�WKDW�WKH�WKLFN

VXUURXQGLQJ�DWPRVSKHUH�GLVLQWHJUDWHV�WKH�PHWHRUV�DV�WKH\�WUDYHO�WKURXJK

WKH�DWPRVSKHUH��:KHUH�WKHUH�DUH�FUDWHUV�RQ�9HQXV��WKH\�DUH�XVXDOO\

EXQFKHG�WRJHWKHU�LQGLFDWLQJ�WKDW�D�ODUJH�PHWHRU�EURNH�XS�DV�LW�WUDYHOHG

WKURXJK�WKH�DWPRVSKHUH�DQG�KHDGHG�IRU�9HQXV¶V�VXUIDFH�

7KH�VXUIDFH�RI�9HQXV�LQ�JHRORJLFDO�WHUPV�LV�UHODWLYHO\�\RXQJ��GDWLQJ�DERXW

����WR�����PLOOLRQ�\HDUV�ROG��5RXJKO\�����RI�WKH�VXUIDFH�DSSHDUV�WR�EH

VROLGLILHG�EDVDOW�ODYD��0RUH�WKDQ������YROFDQRHV��ZLWK�GLDPHWHUV�LQ�H[FHVV

RI����PLOHV��FRYHU�WKH�VXUIDFH�RI�9HQXV��7KHUH�DUH�WZR�GDWDVHWV�WKDW

GLVSOD\�LQIRUPDWLRQ�DERXW�WKH�WRSRJUDSK\�RI�9HQXV��7KH�ILUVW�LV�WKH

WRSRJUDSKLF�PDS�WKDW�XVHV�FRORU�WR�UHSUHVHQW�KHLJKW��ZLWK�UHG�IRU�KLJK�HOHYDWLRQV�DQG�EOXH�IRU�ORZ�HOHYDWLRQV��7KH�LQWHQVLW\�RI�WKH

FRORU�LV�SURSRUWLRQDO�WR�WKH�UDGDU�EULJKWQHVV��7KH�VHFRQG�PDS�LV�D�VKDGHG�UHOLHI�PDS��ZKLFK�LV�D�WRSRJUDSKLF�PDS�WKDW�KDV�EHHQ

UHQGHUHG�VR�WKDW�LW�DSSHDUV�WKUHH�GLPHQVLRQDO�E\�FUHDWLQJ�VKDGRZV�WKDW�ZRXOG�EH�FDVW�LI�WKHUH�ZDV�D�OLJKW�VRXUFH��7KLV�PDS�ZDV

FUHDWHG�DV�LI�WKH�OLJKW�VRXUFH�FRPHV�IURP�WKH�HDVW�

1RWDEOH�)HDWXUHV

,VKWDU�7HUUD�LQ�1RUWKHUQ�+HPLVSKHUH��DERXW�VL]H�RI�$XVWUDOLD

0D[ZHOO�0RQWHV��KLJKHVW�SRLQ�RQ�9HQXV

$SKURGLWH�7HUUD�DORQJ�WKH�(TXDWRU��DERXW�VL]H�RI�6RXWK�$PHULFD�

/DFN�RI�VPDOO�FUDWHUV�DQG�ELJ�FUDWHUV�LQ�JURXSV

5HODWHG�'DWDVHWV

'HWDLOV
&DWHJRU\

$VWURQRP\

$XGLR

1R

'DWDVHW�6RXUFH

0DJHOODQ

'DWDVHW�'HYHORSHU

&DOYLQ�+DPLOWRQ

9LVXDOL]DWLRQ�'HYHORSHU

&DOYLQ�+DPLOWRQ

&RQWDFW

&DOYLQ�+DPLOWRQ

'LUHFWRU\

)73�/LQN

.H\ZRUGV

$VWURQRP\��6RODU�6\VWHP��SODQHW�

WRSRJUDSK\��VKDGHG�UHOLHI

9HQXV�7RSRJUDSK\
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0HGLD�3UHYLHZ

-XSLWHU��VWLOO�� -XSLWHU�6KRHPDNHU�

/HY\�&RPHW�&ROOLVLRQ�

-XSLWHU�+67�VHTXHQFH

�����

'HVFULSWLRQ

7KH�ILIWK�SODQHW�LQ�WKH�VRODU�V\VWHP��-XSLWHU�LV�WKH�ILUVW�RI�WKH�JDV�SODQHWV��,W
LV�WKH�ODUJHVW�SODQHW�LQ�WKH�VRODU�V\VWHP�ZLWK�DQ�LPSUHVVLYH�UDGLXV�RI
�������PLOHV��PRUH�WKDQ����WLPHV�WKDW�RI�(DUWK��DQG�DERXW�RQH�WHQWK�WKDW�RI
WKH�VXQ��%HFDXVH�-XSLWHU�LV�D�JDV�SODQHW��LW�GRHV�QRW�KDYH�D�VROLG�VXUIDFH�
WKH�JDVHV�VLPSO\�EHFRPH�GHQVHU�FORVHU�WR�WKH�FHQWHU��HYHQWXDOO\�WXUQLQJ
LQWR�D�OLTXLG��%HFDXVH�WKLV�SODQHW�LV�QRW�D�VROLG��LW�HDVLO\�GLVWRUWV��,Q�IDFW�
-XSLWHU��ZKLFK�KDV�WKH�IDVWHVW�URWDWLRQ�UDWH�LQ�WKH�VRODU�V\VWHP��EXOJHV�DW
WKH�HTXDWRU�DQG�IODWWHQV�DW�WKH�SROHV�GXH�WR�LWV�UDSLG�URWDWLRQ��-XSLWHU¶V
FRPSRVLWLRQ�LV�HVWLPDWHG�WR�EH�����K\GURJHQ�DQG�����KHOLXP�ZLWK�D
FRXSOH�RI�RWKHU�WUDFH�JDVHV�DV�ZHOO��:KDW�FDQ�EH�VHHQ�IURP�VSDFH�DUH�WKH
DPPRQLD�FORXGV�WKDW�VXUURXQG�WKH�SODQHW��7KH�YLVLEOH�EDQGV�RI�FRORU�DUH
WKH�UHVXOW�RI�YHU\�KLJK�YHORFLW\�ZLQGV�WKDW�IORZ�LQ�RSSRVLWH�GLUHFWLRQV�LQ
DGMDFHQW�EDQGV��:LWKLQ�WKHVH�EDQGV�DUH�VWRUPV�WKDW�KDYH�UDJHG�RQ�IRU
\HDUV��7KH�PRVW�QRWDEOH�LV�WKH�*UHDW�5HG�6SRW��D�VWRUP�WKDW�KDV�EHHQ
REVHUYHG�IRU�����\HDUV��7KUHH�(DUWK¶V�FRXOG�HDVLO\�ILW�LQWR�WKH�*UHDW�5HG
6SRW�

-XSLWHU�KDV�EHHQ�GHVFULEHG�DV�LWV�RZQ�OLWWOH�VRODU�V\VWHP�EHFDXVH�RI�WKH�YDVW�QXPEHU�RI�PRRQV�RUELWLQJ�WKH�SODQHW��7KHUH�DUH���
PRRQV�DURXQG�-XSLWHU��WKH�PRVW�RI�DQ\�SODQHW�LQ�WKH�VRODU�V\VWHP��)RXU�LQ�SDUWLFXODU��,R��(XURSD��*DQ\PHGH��DQG�&DOOLVWR��DUH
SODQHW�VL]HG��,Q������DORQH�����QHZ�PRRQV�ZHUH�GLVFRYHUHG��5HDVRQV�IRU�WKLV�LQFUHGLEOH�QXPEHU�RI�PRRQV�LQFOXGH�WKH�VWURQJ
JUDYLWDWLRQDO�IRUFH�RI�WKH�SODQHW�DW�������P�V���PRUH�WKDQ�GRXEOH�WKH�JUDYLWDWLRQDO�IRUFH�RQ�(DUWK��DQG�DOVR�WKH�ODUJH�PDJQHWLF
ILHOG�RI�WKH�SODQHW��ZKLFK�H[WHQGV�LQWR�6DWXUQ¶V�RUELW��/LNH�6DWXUQ��-XSLWHU�DOVR�KDV�ULQJV��WKRXJK�WKH\�DUH�RQO\�YLVLEOH�ZKHQ�EDFNOLW
E\�WKH�VXQ�DQG�EHOLHYHG�WR�EH�FRPSULVHG�RI�GXVW�NLFNHG�XS�IURP�PHWHRU�FROOLVLRQV�ZLWK�WKH�IRXU�ELJJHVW�PRRQV�

6HYHUDO�QHZ�-XSLWHU�GDWDVHWV�KDYH�FRPH�IURP�ERWK�WKH�+XEEOH�6SDFH�7HOHVFRSH�DQG�WKH�1HZ�+RUL]RQV�VSDFHFUDIW��7KH�1HZ
+RUL]RQV�VSDFHFUDIW�ZDV�ODXQFKHG�LQ�-DQXDU\�RI������ZLWK�WKH�JRDO�RI�VWXG\LQJ�3OXWR�LQ�������2Q�LWV�ZD\�WR�3OXWR��1HZ�+RUL]RQV
KDV�SURYLGHG�SLFWXUHV�RI�RWKHU�SODQHWV�DV�ZHOO��7KH�EODFN�DQG�ZKLWH�DQLPDWLRQ�RI�-XSLWHU�WKDW�LV�DYDLODEOH�IRU�626�LV�PDGH�RI
LPDJHV�IURP�1HZ�+RUL]RQV�VSDFHFUDIW�WKDW�KDYH�EHHQ�RYHUODLG�RQ�D�+XEEOH�6SDFH�7HOHVFRSH�LPDJH�IURP�������7KH�+XEEOH
6SDFH�7HOHVFRSH�GDWDVHWV�LQFOXGH�VXUIDFH�SLFWXUHV�IURP�)HEUXDU\�DQG�0DUFK�RI������WKDW�VKRZ�WKH�*UHDW�5HG�6SRW�DQG�WKH�5HG
6SRW�-XQLRU��D�VHTXHQFH�RI�LPDJHV�WKDW�VKRZ�WKH�GLIIHUHQW�OD\HUV�RI�-XSLWHU
V�DWPRVSKHUH�E\�YDU\LQJ�WKH�VSHFWUXP��DQG�D�YLHZ�RI
-XSLWHU�DIWHU�LW�ZDV�KLW�E\�D�FRPHW�

1RWDEOH�)HDWXUHV

*UHDW�5HG�6SRW�²�VWRUP�RQ�VXUIDFH�REVHUYHG�IRU�����\HDUV

,W�PRYHV�(DVW�:HVW�EXW�QHYHU�1RUWK�6RXWK

%DQGV�RI�FRORU�FUHDWHG�E\�WKH�KLJK�ZLQGV�LQ�RSSRVLWH�GLUHFWLRQV

+XEEOH�6SDFH�7HOHVFRSH�DQG�1HZ�+RUL]RQV�'DWDVHWV

7KH�5HG�6SRW�-XQLRU�LV�YLVLEOH

5HODWHG�'DWDVHWV

'HWDLOV
&DWHJRU\
$VWURQRP\

$XGLR
1R

'DWDVHW�6RXUFH
&DVVLQL

'DWDVHW�'HYHORSHU
&DVVLQL�,PDJLQJ�7HDP

9LVXDOL]DWLRQ�'HYHORSHU
6WHYH�$OEHUV�12$$�*6'

&RQWDFW

'LUHFWRU\
)73�/LQN

.H\ZRUGV
6RODU�6\VWHP��SODQHW��ELJJHVW

-XSLWHU��PRYLH�
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0HGLD�3UHYLHZ

'HVFULSWLRQ

&DOOLVWR�LV�RIWHQ�GHVFULEHG�DV�D�VLPSOH�VRODU�ERG\�EHFDXVH�RI�LWV�VLPSOH
FRPSRVLWLRQ�DQG�LWV�OHYHO�RI�LQDFWLYLW\�DW�WKH�VXUIDFH��&DOOLVWR�FDUULHV�WKH�WLWOH
RI�EHLQJ�WKH�ROGHVW�ERG\�LQ�WKH�VRODU�V\VWHP�ZLWK�D�VXUIDFH�DJH�RI���ELOOLRQ
\HDUV�DQG�DOVR�WKH�PRVW�FUDWHUHG��&DOOLVWR��WKH�VHFRQG�ODUJHVW�PRRQ�RI
-XSLWHU��LV�WKH�RQO\�ERG\�LWV�VL]H�LQ�WKH�VRODU�V\VWHP�WKDW�KDV�KDG�QR
UHVXUIDFLQJ�VLQFH�LWV�RULJLQDO�LPSDFWV�OHIW�WKHLU�PDUN�

7KH�ODUJHVW�FUDWHUV�RQ�WKH�VXUIDFH�RI�&DOOLVWR�DUH�VXUURXQGHG�E\�FRQFHQWULF
ULQJV�ZKLFK�DSSHDU�DV�FUDFNV��EXW�KDYH�VPRRWKHG�RXW�VRPH�ZLWK�DJH��$W
QHDUO\������PLOHV�LQ�GLDPHWHU��9DOKDOOD��WKH�ODUJHVW�FUDWHU�RQ�&DOOLVWR��LV�D
JRRG�H[DPSOH�RI�D�FUDWHU�VXUURXQGHG�E\�FRQFHQWULF�ULQJV��7KH�LF\�FUXVW�RI
&DOOLVWR�KDV�VPRRWKHG�RXW�VRPH�ZLWK�DJH��WKH�UHVXOW�EHLQJ�WKDW�WKHUH�DUH
QR�LPSUHVVLYH�PRXQWDLQV�DQG�WKH�FUDWHUV�DUH�QRW�DV�GHHS�DV�RQH�PLJKW
VXVSHFW��,Q�IDFW��LW�LV�EHOLHYHG�WKDW�WKH�ODUJHVW�FUDWHUV�KDYH�EHHQ�GLPLQLVKHG
E\�WKH�IORZ�RI�WKH�LFH�DFURVV�WKH�VXUIDFH�RYHU�WLPH�

1RWDEOH�)HDWXUHV

0RVW�FUDWHUHG�ERG\�LQ�WKH�VRODU�V\VWHP

&UDWHUV�ZLWK�FRQFHQWULF�ULQJV�DURXQG�WKHP

9DOKDOOD��WKH�ODUJHVW�FUDWHU��GLDPHWHU� ������PLOHV��ZLWK�ULQJV

/DFN�RI�PRXQWDLQV�DURXQG�WKH�FUDWHUV

5HODWHG�'DWDVHWV
   �1RQH�

'HWDLOV
&DWHJRU\
$VWURQRP\

$XGLR
1R

'DWDVHW�6RXUFH
9R\DJHU�DQG�*DOLOHR���,PDJH

GHWDLOV

'DWDVHW�'HYHORSHU
%MRUQ�-RQVVRQ

9LVXDOL]DWLRQ�'HYHORSHU
6WHYH�$OEHUV��12$$�*6'

&RQWDFW
6WHYH�$OEHUV

'LUHFWRU\
)73�/LQN

.H\ZRUGV
6RODU�6\VWHP��PRRQ

&DOOLVWR��-XSLWHU�PRRQ�
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0HGLD�3UHYLHZ

9ROFDQRHV�RI�,2�

'HVFULSWLRQ

,R�KDV�RIWHQ�EHHQ�GHVFULEHG�DV�ORRNLQJ�OLNH�D�SL]]D�FRYHUHG�ZLWK�PHOWHG

FKHHVH��WRPDWR�VDXFH�DQG�ROLYHV��7KH�UHDVRQ�IRU�WKLV�GLVWLQFW�VXUIDFH�LV�LWV

YDVW�QXPEHU�RI�DFWLYH�YROFDQRHV��7KHUH�DUH�KXQGUHGV�RI�YROFDQRHV

VFDWWHUHG�RYHU�WKH�VXUIDFH�RI�WKH�PRRQ��ZKLFK�LV�D�ELW�ODUJHU�WKDQ�(DUWK¶V

0RRQ��0DQ\�RI�WKH�YROFDQRHV�DUH�VWLOO�DFWLYH�DQG�9R\DJHU���DQG���ZHUH

DEOH�WR�FDSWXUH�SLFWXUHV�RI�HUXSWLQJ�YROFDQRHV�ZLWK�SOXPHV�DV�WDOO�DV����

PLOHV�

7KH�SDWK�RI�,R�DURXQG�-XSLWHU�LV�KLJKO\�HOOLSWLFDO�FDXVLQJ�WKH�WLGDO�IRUFHV

H[HUWHG�RQ�WKH�PRRQ�WR�EH�LPPHQVH��7KH�HIIHFW�RI�WKLV�LV�WKDW�WKH�VROLG

ERG\�RI�WKH�PRRQ�FDQ�EXOJH�RXW�WR�DOPRVW�����IHHW��7KLV�PRYHPHQW�PDNHV

WKH�PRRQ�LQFUHGLEO\�KRW��NHHSLQJ�WKH�VXEVXUIDFH�FUXVW�LQ�D�OLTXLG�VWDWH�

7KLV�OLTXLG�VXE�OD\HU�LV�RQH�RI�WKH�UHDVRQV�IRU�WKH�KLJK�YROFDQLF�DFWLYLW\�

2QH�UHVXOW�RI�WKH�YROFDQLF�DFWLYLW\�LV�WKDW�WKHUH�DUH�YHU\�IHZ�FUDWHU�PDUNV�DV

QHZ�ODYD�LV�FRQVWDQWO\�ILOOLQJ�LQ�DQ\�FUDWHUV�WKDW�DUH�FUHDWHG��%HFDXVH�RI

WKLV��,R�KDV�D�YHU\�\RXQJ�VXUIDFH��7KHUH�DUH�WZR�GDWDVHWV�DYDLODEOH�IRU�,R�

7KH�ILUVW�VKRZV�WKH�VXUIDFH�RI�WKH�PRRQ��7KH�VHFRQG�VWDUWV�ZLWK�WKH�VXUIDFH

RI�,R��WKHQ�KLJKOLJKWV�WKH�ORFDWLRQV�RI����PDMRU�YROFDQRHV�RQ�,R�DQG�ILQDOO\�VKRZV�WKH�VXUIDFH�DJDLQ�

1RWDEOH�)HDWXUHV

,R

([WUDRUGLQDU\�QXPEHU�RI�YROFDQRHV

/DFN�RI�FUDWHUV

��3L]]D²OLNH��DSSHDUDQFH

,R�9ROFDQRHV

9ROFDQRHV�ODEHOHG�ZLWK�OHWWHUV

5HODWHG�'DWDVHWV

'HWDLOV
&DWHJRU\

$VWURQRP\

$XGLR

1R

'DWDVHW�6RXUFH

9R\DJHU�DQG�*DOLOHR

'DWDVHW�'HYHORSHU

3ODQHWDU\�,PDJH�5HVHDUFK

/DERUDWRU\

/DLND
V�&HOHVWLD�$GG�2QV

9LVXDOL]DWLRQ�'HYHORSHU

6WHYH�$OEHUV��12$$�*6'

&RQWDFW

6WHYH�$OEHUV

'LUHFWRU\

)73�/LQN

.H\ZRUGV

6RODU�6\VWHP��PRRQ��YROFDQR

,R��-XSLWHU�PRRQ�
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0HGLD�3UHYLHZ

6DWXUQ�

'HVFULSWLRQ

6DWXUQ�ZDV�WKH�RQO\�NQRZQ�ULQJHG�SODQHW�XQWLO������ZKHQ�IDLQW�ULQJV�ZHUH

GHWHFWHG�DURXQG�8UDQXV��6DWXUQ�LV�SUREDEO\�EHVW�NQRZQ�IRU�LWV�VSHFWDFXODU

ULQJV��EXW�6DWXUQ�KDV�PDQ\�RWKHU�XQLTXH�IHDWXUHV��6DWXUQ�LV�DFWXDOO\�QRW�D

VSKHULFDO�SODQHW��0RVW�RI�WKH�JDV�SODQHWV��LQ�IDFW��IODWWHQ�VOLJKWO\�DQG

EHFRPH�REODWH�GXH�WR�WKHLU�UDSLG�URWDWLRQ��7KLV�FKDUDFWHULVWLF�LV�PRVW

SURQRXQFHG�RQ�6DWXUQ��ZKHUH�WKH�HTXDWRULDO�GLDPHWHU�FDQ�EH�DV�PXFK�DV

����ORQJHU�WKDQ�LWV�SRODU�GLDPHWHU��7KLV�YDULDELOLW\�LQ�6DWXUQ
V�GLDPHWHU�LV

GXH�WR�LWV�JDVV\�FRPSRVLWLRQ�RI�����K\GURJHQ������KHOLXP�ZLWK�WUDFHV�RI

ZDWHU��PHWKDQH��DPPRQLD��DQG�URFN��6DWXUQ�KDV�D�VPDOO�URFN\�FRUH��WKHQ�D

OD\HU�RI�OLTXLG�PHWDOOLF�K\GURJHQ�DQG�D�OD\HU�RI�PROHFXODU�K\GURJHQ�

/LNH�-XSLWHU�DQG�WKH�RWKHU�JDV�SODQHWV��6DWXUQ�KDV�D�EDQGHG�DSSHDUDQFH

LQ�LWV�FRORUDWLRQ�GXH�WR�KLJK�ZLQGV�LQ�WKH�DWPRVSKHUH��7KH�EDQGV�DUH�QRW

DV�GLVWLQFW�DV�WKRVH�RQ�-XSLWHU��KRZHYHU��WKH\�DUH�YHU\�ZLGH�DW�WKH�HTXDWRU

DQG�HDV\�WR�GHWHFW��$QRWKHU�VLPLODULW\�WR�-XSLWHU�LV�WKH�VWRUPV�WKDW�DUH

YLVLEOH�RQ�6DWXUQ
V�VXUIDFH�LQ�WKH�IRUP�RI�ZKLWH�RU�UHG�RYDOV��+RZHYHU�

QRQH�RI�WKHVH�VWRUPV�VHHP�WR�EH�DV�ORQJ�OLYHG�DV�WKH�*UHDW�5HG�6SRW�RQ

-XSLWHU��7KH�WZR�GDWDVHWV�IRU�6DWXUQ�DUH�WKH�VDPH�ZLWK�VOLJKWO\�GLIIHUHQW�FRORULQJ�

1RWDEOH�)HDWXUHV

%DQGHG�DSSHDUDQFH�GXH�WR�IDVW�PRYLQJ�ZLQGV

:LGH�EDQGV�DW�WKH�HTXDWRU

6WRUPV�WKDW�DSSHDU�DV�RYDOV�LQ�WKH�EDQGV

5HODWHG�'DWDVHWV

'HWDLOV
&DWHJRU\

$VWURQRP\

$XGLR

'DWDVHW�6RXUFH

1$6$�*RGGDUG�6SDFH�)OLJKW
&HQWHU

'DWDVHW�'HYHORSHU

1$6$�*RGGDUG�6SDFH�)OLJKW
&HQWHU

9LVXDOL]DWLRQ�'HYHORSHU

1$6$�*RGGDUG�6SDFH�)OLJKW
&HQWHU

&RQWDFW

1$6$�*RGGDUG�6SDFH�)OLJKW
&HQWHU

'LUHFWRU\

)73�/LQN

.H\ZRUGV

$VWURQRP\��VRODU�V\VWHP��SODQHW�
JDV�SODQHW

6DWXUQ�ZLWKRXW�5LQJV
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0HGLD�3UHYLHZ

7LWDQ��6DWXUQ�PRRQ�
EODFN�DQG�ZKLWH�

7LWDQ�ZLWK�5$'$5
6ZDWKV�

'HVFULSWLRQ

/RQJ�DJR�7LWDQ�ZDV�WKRXJKW�WR�EH�WKH�ODUJHVW�PRRQ�LQ�WKH�VRODU�V\VWHP�

1HZ�REVHUYDWLRQV�KDYH�UHYHDOHG�WKDW�*DQ\PHGH��RQH�RI�-XSLWHU¶V�PRRQV

LV�HYHQ�ODUJHU��3DUW�RI�WKH�UHDVRQ�IRU�WKH�PL[�XS�LV�WKH�WKLFN��GHQVH

DWPRVSKHUH�WKDW�VXUURXQGV�7LWDQ��REVWUXFWLQJ�VXUIDFH�YLHZV��7LWDQ��OLNH

*DQ\PHGH��LV�ODUJHU�WKDQ�ERWK�0HUFXU\�DQG�3OXWR��8QWLO�UHFHQWO\��D�FOHDU

YLHZ�RI�WKH�VXUIDFH�ZDV�QRW�DYDLODEOH��,Q�ODWH������WKH�&DVVLQL�RUELWHU

EHJDQ�WR�VWXG\�7LWDQ��DQG�LQ�-DQXDU\�RI�������WKH�+X\JHQV�SUREH�DFWXDOO\

ODQGHG�RQ�WKH�VXUIDFH�DQG�EHJDQ�WUDQVPLWWLQJ�SKRWRJUDSKV�RI�WKH�VXUIDFH�

7KH�DWPRVSKHUH�WKDW�HQFLUFOHV�WKH�PRRQ�LV�����JUHDWHU�WKDQ�WKDW�DURXQG

(DUWK��&RPSRVHG�RI�PDLQO\�QLWURJHQ��VLPLODU�WR�WKH�(DUWK¶V�DWPRVSKHUH��WKH

DWPRVSKHUH�RI�7LWDQ�DOVR�KDV����DUJRQ�DQG�VRPH�PHWKDQH�DORQJ�ZLWK

PDQ\�RWKHU�RUJDQLF�FRPSRXQGV��7KLV�FRPELQDWLRQ�RI�JDVHV��FRPELQHG

ZLWK�VXQOLJKW��KDV�FUHDWHG�WKLFN�VPRJ��VLPLODU�WR�WKDW�VHHQ�RYHU�ODUJH�FLWLHV�

7KHUH�DUH�DOVR�FORXGV�RI�HWKDQH�DQG�PHWKDQH�REVWUXFWLQJ�WKH�YLHZ�RI�WKH

VXUIDFH��)URP�WKH�+X\JHQV�SUREH�WKHUH�LV�VWLOO�PXFK�WR�GLVFRYHU��EXW�VRPH

LQLWLDO�UHVXOWV�VKRZ��ODNHV��DQG��ULYHUV��WKDW�DUH�FXUUHQWO\�GULHG�XS�DQG�DUH

PRVWO\�FUDWHU�IUHH�VXUIDFHV��$W�OHDVW�RQH�RI�WKH�ODNHV�KDV�EHHQ�YHULILHG�WR�KDYH�OLTXLG�HWKDQH�LQ�DW�WKH�SUHVHQW�WLPH��,Q������WKH

&DVVLQL�RUELWHU�FDSWXUHG�VXQOLJKW�UHIOHFWLQJ�RII�VXUIDFH��FRQILUPLQJ�WKH�SUHVHQFH�RI�OLTXLG�RQ�7LWDQ�LQ�WKH�DUHD�FRYHUHG�ZLWK�PDQ\

ODUJH��ODNH�VKDSHG�EDVLQV��:KLOH�LW�LV�QRW�FXUUHQWO\�UDLQLQJ�RQ�WKH�VXUIDFH��WKHUH�LV�VRPH�HYLGHQFH�RI�SUHFLSLWDWLRQ�DQG�HURVLRQ�RQ

WKH�VXUIDFH��7KHUH�DUH�WKUHH�7LWDQ�GDWDVHWV��RQH�LQ�FRORU��WKH�VHFRQG�LQ�EODFN�DQG�ZKLWH��DQG�WKH�WKLUG�LV�D�EODFN�DQG�ZKLWH�PDS

ZLWK�5$'$5�VZDWKV�IURP�&DVVLQL�RYHUODLG��7KH�5$'$5�VZDWKV�VKRZ�VRPH�RI�WKH�VHDV��ODNHV�DQG�ULYHUV�RI�OLTXLG�K\GURFDUERQV

QHDU�WKH�1RUWK�3ROH�

1RWDEOH�)HDWXUHV

5HODWLYHO\�VPRRWK�VXUIDFH�ZLWK�DOPRVW�QR�FUDWHUV

&RORU�YDULDWLRQ�DFURVV�WKH�SODQHW��SUHYLRXVO\�WKRXJKW�WR�EH�VHDV�RI�PHWKDQH��EXW�WKDW�KDV�EHHQ�GLVSURYHG��7UXH�RULJLQ�KDV

QRW�EHHQ�GLVFRYHUHG��

$W�OHDVW�RQH�ODNH�RI�OLTXLG�HWKDQH�LV�RQ�WKH�VXUIDFH�DW�WKH�SUHVHQW�WLPH

5HODWHG�'DWDVHWV

'HWDLOV
&DWHJRU\

$VWURQRP\

$XGLR

1R

'DWDVHW�6RXUFH

&DVVLQL

'DWDVHW�'HYHORSHU

)ULGJHU�6FKUHPSS

9LVXDOL]DWLRQ�'HYHORSHU

6WHYH�$OEHUV��12$$�*6'

&RQWDFW

6WHYH�$OEHUV

'LUHFWRU\

)73�/LQN

.H\ZRUGV

6RODU�6\VWHP��PRRQ

7LWDQ��6DWXUQ�PRRQ��FRORU
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0HGLD�3UHYLHZ

5HDO�7LPH��6XQ��

67(5(2���1R�)LOO

'HVFULSWLRQ

7KH�6RODU�7HUUHVWULDO�5HODWLRQV�2EVHUYDWRU\��67(5(2��ZKLFK�FRQVLVWV�RI

WZR�VDWHOOLWHV��ZDV�ODXQFKHG�LQ�2FWREHU�������7KH�WZR�VDWHOOLWHV�DUH�RQ�D

SDWK�VLPLODU�WR�(DUWK
V�RUELW��ZLWK�RQH�VDWHOOLWH�DKHDG�RI�(DUWK�DQG�RQH

VDWHOOLWH�EHKLQG�(DUWK�LQ�RUELW��7KH�VDWHOOLWHV��QDPHG�67(5(2�$KHDG�DQG

67(5(2�%HKLQG��DUH�VORZO\�GULIWLQJ�IXUWKHU�D�SDUW��NHHSLQJ�(DUWK�EHWZHHQ

WKHP��$V�WKH\�GULIW�IXUWKHU�IURP�WKH�(DUWK��WKH\�DUH�DEOH�WR�SURYLGH�D�YLHZ�RI

WKH�VXQ�WKDW�FDQQRW�EH�VHHQ�IURP�(DUWK��)RU�WKH�ILUVW�WLPH��WKH�VLGHV�DQG

HYHQWXDOO\�WKH�EDFNVLGH�RI�WKH�VXQ�ZLOO�EH�YLVLEOH�ZLWK�WKH�67(5(2

VDWHOOLWHV��(DFK�RI�WKH�VDWHOOLWHV�LV�HTXLSSHG�ZLWK�D�VXLWH�RI�LQVWUXPHQWV�IRU

REVHUYLQJ�DQG�VWXG\LQJ�WKH�VXQ��7KLV�QHZ�YLHZ�RI�WKH�VXQ�ZLOO�DOORZ

VFLHQWLVWV�WR�REVHUYH�WKH�VWUXFWXUH�DQG�HYROXWLRQ�RI�VRODU�VWRUPV�OLNH�QHYHU

EHIRUH�

,Q�WKLV�UHDO�WLPH�GDWDVHW��LPDJHU\�IURP�67(5(2�%HKLQG�DQG�67(5(2

$KHDG�DUH�PRUSKHG�WRJHWKHU�WR�SURYLGH�QHDU�IXOO�FRYHUDJH�RI�WKH�VXQ��7KH

LPDJHV�IRU�WKLV�GDWDVHW�ZHUH�WDNHQ�ZLWK�WKH�(89,�WHOHVFRSH�LQ�WKH�H[WUHPH

XOWUDYLROHW�ZDYHOHQJWK��,Q�RUGHU�WR�NHHS�DOO�RI�WKH�YDULRXV�ZDYHOHQJWKV

VWUDLJKW��VFLHQWLVWV�FRORU�WKH�GLIIHUHQW�ZDYHOHQJWKV��7KH����$�ZDYHOHQJWK�XVHG�KHUH�LV�DUELWUDULO\�FRORUHG�JUHHQ��,Q�WKLV

ZDYHOHQJWK��WKH�EULJKWHU�DUHDV�DUH�KRWWHU�DQG�WKH�GDUNHU�DUHDV�DUH�FRROHU��7KH�EULJKW��DFWLYH�UHJLRQV�DUH�ZKHUH�VRODU�VWRUPV�DUH

OLNHO\�WR�RULJLQDWH��,Q�WKHVH�DUHDV��KRW�SODVPD�IURP�WKH�VXQ�LV�WUDSSHG�LQ�WKH�VXQ
V�PDJQHWLF�ILHOG��$�VRODU�IODUH�LV�DQ�H[SORVLRQ�WKDW

RFFXUV�ZKHQ�WKH�HQHUJ\�WUDSSHG�LQ�WKH�PDJQHWLF�ILHOG�LV�VXGGHQO\�UHOHDVHG��6RODU�IODUHV�FDQ�FDXVH�&RURQDO�0DVV�(MHFWLRQV�

&0(��ZKLFK�DUH�RXWIORZV�RI�SODVPD�IURP�WKH�VXQ�WKDW�FDQ�FDXVH�JHRPDJQHWLF�VWRUPV�RQ�(DUWK��7KH�GDUN�DUHDV�WKDW�FDQ�EH�VHHQ

DUH�FDOOHG�FRURQDO�KROHV��DQG�DUH�DUHDV�ZKHUH�WKH�SODVPD�LV�DEOH�WR�HVFDSH�EHFDXVH�WKH�PDJQHWLF�ILHOG�LV�RSHQ��7KHUH�DUH�IRXU

GLIIHUHQW�YHUVLRQV�RI�WKLV�GDWDVHW��7ZR�YHUVLRQV�OHDYH�WKH�EDFNVLGH�RI�WKH�VXQ�WKDW�LV�QRW�YLVLEOH�E\�VDWHOOLWH�EODQN�DQG�WKH�RWKHU�WZR

YHUVLRQV�ILOO�LQ�WKH�JDS�ZLWK�SHUVLVWHQFH�GDWD�VKRZLQJ�WKH�ODVW�DYDLODEOH�LPDJHU\��:LWKLQ�HDFK�RI�WKRVH�YHUVLRQV��WKHUH�LV�RQH

GDWDVHW�WKDW�VKRZV�WKH�VRODU�URWDWLRQ�UHODWLYH�WR�WKH�(DUWK�DQG�DQRWKHU�GDWDVHW�WKDW�KDV�WKH�VRODU�URWDWLRQ�IUR]HQ��7KH�DQJOH�VKRZQ

LQ�WKH�ODEHO�LV�WKH�DQJOH�EHWZHHQ�WKH�VDWHOOLWHV�

1RWDEOH�)HDWXUHV

7KH�EULJKW��DFWLYH�UHJLRQV�DUH�ZKHUH�VRODU�VWRUPV�DUH�OLNHO\�WR�RULJLQDWH

7ZR�YHUVLRQV�OHDYH�WKH�EDFNVLGH�RI�WKH�VXQ�WKDW�LV�QRW�YLVLEOH�EODQN�DQG�WKH�RWKHU�WZR�YHUVLRQV�ILOO�LQ�WKH�JDS�ZLWK�ROG�GDWD

7KH�DQJOH�VKRZQ�LQ�WKH�ODEHO�LV�WKH�DQJOH�EHWZHHQ�WKH�VDWHOOLWHV

5HODWHG�'DWDVHWV

'HWDLOV

&DWHJRU\

$VWURQRP\

$XGLR

1R

'DWDVHW�6RXUFH

1$6$�67(5(2

'DWDVHW�'HYHORSHU

6WHYH�$OEHUV��12$$�*6'

9LVXDOL]DWLRQ�'HYHORSHU

6WHYH�$OEHUV��12$$�*6'

&RQWDFW

6WHYH�$OEHUV

'LUHFWRU\

)73�/LQN

.H\ZRUGV

6RODU�6\VWHP��VXQ��VWHUHR��UHDO�

WLPH

5HDO�7LPH��6XQ���67(5(2���*DS�)LOO


